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,QHDUO\GHVLJQVWDJHVV\VWHPDUFKLWHFWVPRVWO\UHO\RQHVWLPDWLRQVWRPDNHGHVLJQGHFLVLRQV7KHVHDUHEDVHGRQWKHDYDLODEOH
LQIRUPDWLRQ DW KDQG DQG WKHLU H[SHULHQFH0RGHOLQJ DQG VLPXODWLRQ LV DOPRVW H[FOXVLYHO\ DSSOLHG LQPRUH GHWDLOHG VWDJHV RI
GHVLJQ,QWKLVSDSHUZHSUHVHQWDQDSSURDFKDLPHGDWPDNLQJEHWWHULQIRUPHGGHVLJQGHFLVLRQVHDUO\LQWKHGHVLJQSURFHVV
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DSSURDFKFDQFRYHUDEURDGHUUDQJHRIDSSOLFDWLRQVDQGWRHYDOXDWHKRZWKHIXOODSSURDFKFDQEHLPSOHPHQWHG
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,QWURGXFWLRQ
1RZDGD\V PRGHOLQJ DQG VLPXODWLRQ DUH FRPPRQ SUDFWLFHV LQ PXOWLGLVFLSOLQDU\ FRPSOH[ V\VWHP GHVLJQ DQG
SURYLGHV\VWHPDUFKLWHFWVZLWKDSSURSULDWHLQVLJKWV+RZHYHU LQSUHYLRXVZRUNZHLGHQWLILHGWKDWHDUO\VWDJHVRI
V\VWHPGHVLJQODFNPRGHOLQJDQGVLPXODWLRQOHDGLQJWROHVVLQVLJKWZKHQPDNLQJHDUO\GHVLJQGHFLVLRQV
,QWKLVZRUNZHDLPWRVXSSRUWV\VWHPDUFKLWHFWVE\FRQQHFWLQJLQIRUPDWLRQDQGWHFKQLTXHVWKDWDUHDYDLODEOHDW
WKHVWDUWRIDQHZGHVLJQSURFHVVWRVLPXODWLRQVDQGPRGHOVXVHGLQPRUHGHWDLOHGGHVLJQVWDJHV%DVHGRQDGHVLJQ
SUREOHPDWKDQGDV\VWHPDUFKLWHFWZLOOVHHNLQVLJKWLQFHUWDLQNH\FKDUDFWHULVWLFVRUEHKDYLRUVRIDV\VWHP7RJDLQ
WKHVH LQVLJKWV ZH SURSRVH DQ DSSURDFK WKDW GUDZV RQ WKH VWUHQJWKV RI ERWK HDUO\ DQG GHWDLOHG GHVLJQ:H KDYH
DSSOLHG WKLVPRGHOLQJ DSSURDFK LQ D WRRO WKDWPDNHV LW SRVVLEOH WR GHILQH D KLJK OHYHO V\VWHPPRGHO TXLFNO\ DQG
HIIHFWLYHO\ )RU WKLV ZH XVH WKH <&KDUW SDUDGLJP ZKLFK FRQQHFWV DQ DSSOLFDWLRQ PRGHO WR D SODWIRUP PRGHO
WKURXJKDPDSSLQJ7KHKLJKOHYHOPRGHOLVVXSSRUWHGZLWKVLPXODWLRQPRGHOVWKDWSURYLGHWKHUHTXLUHGLQVLJKW7KLV
DSSURDFKZDVDSSOLHGLQDFDVHVWXG\RQDPHGLFDOLPDJLQJV\VWHP
7KLVSDSHULVVWUXFWXUHGDVIROORZV,QWKHUHVWRIWKLVVHFWLRQZHGLVFXVVWKHEDFNJURXQGDQGGHILQHRXUREMHFWLYH
,QVHFWLRQZHH[SODLQWKHIUDPHZRUNDQGPHWKRGVLQRXUDSSURDFK7KHQVHFWLRQRXWOLQHVDFDVHVWXG\LQZKLFK
ZHLPSOHPHQWHGRXUDSSURDFK)LQDOO\VHFWLRQFRQWDLQVWKHGLVFXVVLRQDQGIXWXUHZRUN
1.1. Insight in Early System Design 
(YHU\GHVLJQSURFHVVVWDUWVZLWKDFROOHFWLRQRINQRZOHGJHWKDWLVERWKH[SOLFLWGHVLJQGRFXPHQWVUHTXLUHPHQWV
GRFXPHQWVDQH[LVWLQJV\VWHPHWFDQGWDFLWNQRZOHGJHDQGH[SHULHQFHRIDUFKLWHFWVDQGGHVLJQHUV$PHWKRGWKDW
KDQGOHV ERWK W\SHV RINQRZOHGJHZHOO LV WKH$$UFKLWHFWXUH2YHUYLHZPHWKRG $$27KLVPHWKRGKDVEHHQ
GHYHORSHG DV D WRRO IRU HIIHFWLYH GRFXPHQWDWLRQ DQG FRPPXQLFDWLRQ RI DUFKLWHFWXUDO NQRZOHGJH %\ FRPELQLQJ
YDULRXVYLHZVLWFUHDWHVDFRQFLVHDQGXVDEOHRYHUYLHZRILQIRUPDWLRQRINH\V\VWHPDVSHFWVRQWZRVLGHVRIDQ$
SDSHU RUD VHWRI$¶V ,WKDVDOVREHHQVKRZQ WKDW WKLVPHWKRGFDQSURYLGHDJRRGRYHUYLHZRIGHVLJQVGXULQJ
GHYHORSPHQW+RZHYHUZKHQWKH$LVXWLOL]HGLQGHVLJQGLVFXVVLRQVPDQ\GHVLJQHUVKDYHH[SUHVVHGDQHHGIRU
PRUHLQWHUDFWLYLW\7KLVLVEHFDXVHDV\VWHPDUFKLWHFWKDVYDULRXVZD\VWRUHDVRQDERXWDV\VWHPXQGHUGHVLJQIRU
LQVWDQFHXVLQJ WKLQNLQJ WUDFNV$QH[DPSOHRID WKLQNLQJ WUDFN LVG\QDPLF WKLQNLQJZKLFKHQFRPSDVVHV WKLQNLQJ
DERXWDVSHFWVVXFKDVKRZWKHV\VWHPFKDQJHVRYHUWLPHDQGHIIHFWVRIFKDQJHVLQLQSXWDQGRXWSXW7KHVHWKLQNLQJ
WUDFNVJLYHDIUDPHZRUNIRUWKHLQVLJKWV\VWHPDUFKLWHFWVVHHNDQGH[SODLQWKHQHHGIRUPRUHLQWHUDFWLYLW\ZKHUHDVD
VWDWLFV\VWHPRYHUYLHZJLYHVOLWWOHLQVLJKWLQLWVG\QDPLFEHKDYLRU
:KHQ DQ DUFKLWHFW H[SORUHV YDULRXV VROXWLRQV WR D GHVLJQSUREOHP WKH DUFKLWHFWZLOOPDNH HVWLPDWLRQV WR JDLQ
LQVLJKW LQSHUIRUPDQFHRUEHKDYLRURISRVVLEOHVROXWLRQV7KHVHHVWLPDWLRQVDUHEDVHGRQH[SHULHQFHDQGDUHPDGH
WKURXJKORJLFDOUHDVRQLQJLQWHUSRODWLRQDQGH[WUDSRODWLRQRUWKURXJKORZRUGHUPRGHOV2QFHDQDUFKLWHFWFRPHVXS
ZLWKDSURPLVLQJGHVLJQLWZLOOEHGHWDLOHGWRYHULI\ZKHWKHUWKHGHVLJQLVLQGHHGSURPLVLQJ7KLVHODERUDWLRQFDQEH
GRQHXVLQJPRGHOVRUVLPXODWLRQV$WWKHVHLQRXUYLHZGHWDLOHGOHYHOVPDQ\VLPXODWLRQIUDPHZRUNVH[LVW$JRRG
H[DPSOH LV 0HWURSROLV 7KHVH VLPXODWLRQ DQG PRGHOLQJ WHFKQLTXHV JLYH YHU\ JRRG LQVLJKW LQ G\QDPLF V\VWHP
EHKDYLRURULQVLJKWLQKRZWKHV\VWHPGHDOVZLWKIHHGEDFN
1.2. Comparing Early and Detailed Design 
7RLQFUHDVHWKHLQVLJKWRIV\VWHPDUFKLWHFWVLQHDUO\GHVLJQVWDJHVZHDLPWRDSSO\WKHVHVLPXODWLRQWHFKQLTXHVLQ
HDUO\GHVLJQ+RZHYHUWKLVLVQRWDVWUDLJKWIRUZDUGSURFHVVDQGVHYHUDOFRQIOLFWVZLOOQHHGWREHDGGUHVVHG
)LUVW RI DOO WKHUH LV D ODUJHGLIIHUHQFH LQ WKHGHJUHHRIXQFHUWDLQW\EHWZHHQHDUO\ DQGGHWDLOHGGHVLJQ ,QERWK
FDVHVLWLVQHFHVVDU\WRHVWLPDWHDQLQSXWWRGHWHUPLQHSHUIRUPDQFH%XWLQHDUO\GHVLJQSDUWVRIWKHV\VWHPPLJKW
VWLOOEHFRPSOHWHO\XQNQRZQ)RUH[DPSOHLQHDUO\FDUGHVLJQWKHSURSXOVLRQPHWKRGPLJKWQRWEHGHFLGHG\HW7KLV
FRPSOLFDWHV LQVLJKW LQ IRU H[DPSOH GULYLQJ EHKDYLRU ,Q GHWDLOHG GHVLJQ XVLQJ WKH VDPH FDU H[DPSOH WKH HDUO\
GHFLVLRQPLJKWKDYHEHHQWRXVHDQHOHFWULFGULYHWUDLQEXWWKHVL]HRIWKHEDWWHU\SDFNVLV\HWXQNQRZQ,QWKLVFDVH
WKHJHQHUDOEHKDYLRURIEDWWHU\SDFNVLVDOUHDG\NQRZQVRDPRGHOFDQEHHVWDEOLVKHGPXFKHDVLHU
6HFRQGO\HVWLPDWLRQVKDSSHQLQJHDUO\LQWKHGHVLJQDUHPXFKPRUHPXOWLGLVFLSOLQDU\LQQDWXUH7KLVPHDQVWKDW
WKH LQSXWVWHPVIURPPXOWLSOHGLVFLSOLQHVEXWDOVR WKDW WKHRXWSXWRI WKHVWHSKDV WREHFRPPXQLFDWHG WRPXOWLSOH
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GLVFLSOLQHVDVZHOO7KLVKDSSHQVIRUH[DPSOHGXULQJGHVLJQUHYLHZVLQZKLFKNH\SHUVRQQHOIURPYDULRXVGLYLVLRQV
LVLQYROYHG7KHVHUHYLHZVWHQGWREHFRPSOLFDWHGDQGWHGLRXVFDXVHGE\DODFNRILQVLJKWWKDWVWDNHKROGHUVKDYHLQ
WKHV\VWHPDQGE\WKHPDQ\GLIIHUHQWYLHZSRLQWVWKDWKDYHWREHDFFRXQWHGIRU
)LQDOO\ZHKLJKOLJKWRQHPRUHGLVWLQFWGLIIHUHQFHEHWZHHQHVWLPDWLRQVLQHDUO\GHVLJQDQGGHWDLOHGV\VWHPOHYHO
VLPXODWLRQV ,QHDUO\ VWDJHVRIGHVLJQGHVLJQ VSDFHH[SORUDWLRQKDVDPXFKPRUHH[SORUDWLYHQDWXUHZKHUHDV WKH
PRUHGHWDLOHGVWDJHVRIGHVLJQDUHPRUHRIDSUREOHPVROYLQJQDWXUH'XULQJWKLVGLYHUJHQWGHVLJQVSDFHH[SORUDWLRQ
WKHUHLVDODUJHIRFXVRQFUHDWLYHWKLQNLQJWRGHILQHDQGWU\RXWQHZDUFKLWHFWXUHV7KLVGHWDLOHGFRQYHUJHQWGHVLJQ
VSDFH H[SORUDWLRQDLPV WR ILQG D V\VWHPGHVLJQ WKDW VROYHV WKHSUREOHP LHPHHWV WKH UHTXLUHPHQWV7KLV W\SHRI
GHVLJQVSDFHLVRIWHQPRUHFRQVWUDLQHGDVWKHIRFXVOLHVPRUHRQRSWLPL]DWLRQDOVRLWLVVXSSRUWHGPXFKEHWWHU
1.3. Objective 
,Q WKLVZRUNZHSUHVHQWDQDSSURDFK WKDWJLYHVDUFKLWHFWVDQGGHVLJQHUV WKHSRVVLELOLW\ WRJDLQPRUH LQVLJKW LQ
G\QDPLFV\VWHPEHKDYLRUDQGNH\V\VWHPFKDUDFWHULVWLFVGXULQJHDUO\GHVLJQE\XWLOL]LQJVLPXODWLRQVDQGPRGHOLQJ
SULQFLSOHVXVHGLQGHWDLOHGGHVLJQ:HGRWKLVE\FUHDWLQJDPRUHLQWHJUDWHGDSSURDFKEHWZHHQHDUO\HVWLPDWLRQVDQG
GHWDLOHG V\VWHP OHYHO VLPXODWLRQV 7R ZRUN WRZDUGV WKLV LQWHJUDWHG DSSURDFK ZH IRFXV RQ WKH PDLQ FRQIOLFWLQJ
FKDUDFWHULVWLFVXQFHUWDLQW\PXOWLGLVFLSOLQDULW\DQGH[SORUDWLRQEHWZHHQWKHVHWZRZD\VRIZRUNLQJ
$SSURDFK
$V ZDV VWDWHG LQ WKH SUHYLRXV VHFWLRQ RXU DLP LV WR IDFLOLWDWH PRUH LQVLJKW LQ HDUO\ GHVLJQ VWDJHV XVLQJ
VLPXODWLRQV:HGRWKLVE\VXSSRUWLQJWKLQNLQJWUDFNVVXFKDVG\QDPLFWKLQNLQJZKLFKDUHHQDEOHGE\PRUHGHWDLOHG
VLPXODWLRQVWKDWIRUH[DPSOHPRGHOV\VWHPEHKDYLRU2XUDSSURDFKWDNHVWKH$$2PHWKRGDVDVWDUWLQJSRLQWDQG
XVHV WKH<FKDUWDSSURDFK7KH<FKDUWDSSURDFK LVEDVHGRQFRQQHFWLQJDQDSSOLFDWLRQYLHZ WRDSODWIRUPYLHZ
WKURXJK D PDSSLQJ 7KH UHVXOWLQJ V\VWHP PRGHO LV VXSSRUWHG ZLWK HYDOXDWLRQ DQG DQDO\VLV WRROV $ IXQFWLRQDO
DSSOLFDWLRQ YLHZ DQG D SK\VLFDO SODWIRUP YLHZ DUH DOVR UHSUHVHQWHG LQ WKH $ PHWKRG %XLOGLQJ XSRQ WKHVH
PHWKRGV WKH IUDPHZRUN WKDW XQGHUOLQHV RXU DSSURDFK LV VKRZQ LQ)LJXUH  ,W FOHDUO\ GLVWLQJXLVKHVEHWZHHQ WZR
GRPDLQV )LUVW WKH SUREOHP GRPDLQ LQ ZKLFK WKH FRQWH[W LV GHILQHG IRU WKH V\VWHP XQGHU GHVLJQ DQG ODWHU RQ
VROXWLRQVDUHYHULILHGDJDLQVWWKLVFRQWH[WLQFOXGLQJUHTXLUHPHQWV6HFRQGWKHVROXWLRQGRPDLQLQZKLFKVROXWLRQV
DUHH[SORUHGDQGVXEVHTXHQWO\DSSURSULDWHPRGHOVDUHHVWDEOLVKHGWRFKDUDFWHUL]HWKHVHVROXWLRQV

)LJXUH2YHUYLHZRIWKHDSSURDFKDGDSWHGIURP+DYHPDQ
,QWKHLQWURGXFWLRQWKUHHFRQIOLFWVEHWZHHQHDUO\DQGGHWDLOHGGHVLJQZHUHLGHQWLILHG:HZLOOQRZGLVFXVVKRZ
ZHGHDOZLWKWKHVHFRQIOLFWVLQRXUDSSURDFK
Dealing with uncertainty;8QFHUWDLQW\FDQFRPHLQYDULRXVIRUPVDQGVKDSHVLQHDUO\V\VWHPGHVLJQ7RKDQGOH
DQGPRGHOXQFHUWDLQW\ERWKIRUPDODQGPRUHSUDFWLFDODSSURDFKHVDUHSRVVLEOH$FRPPRQIRUPDODSSURDFKLVWR
XVHIX]]\PDWKWRDFFRXQWIRUUDQJHVRIHVWLPDWLRQV*XLGH$UFKLVDIUDPHZRUNWKDWXVHVWKHVHWHFKQLTXHVWRJXLGH
HQJLQHHUV WRPDNH WKHEHVWFKRLFHVSRVVLEOHXQGHUXQFHUWDLQW\$QRWKHUDSSURDFK LV WRDFNQRZOHGJH LPSHUIHFWLRQV
DQGXQFHUWDLQWLHVDQG WREXLOG\RXUGHVLJQSURFHVV WRGHDOZLWK WKHPPRUHHIIHFWLYHO\)RUH[DPSOHRQHFDQXVH
GHVLJQ WUHHV LQZKLFK IHDVLEOH VROXWLRQV FDQ EH UHWUDFHG HDVLO\ LI WKH FKRVHQ VROXWLRQ GRHV QRW VXIILFH$PRUH
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SUDFWLFDO DSSURDFK FRXOG EH WR XVH VFHQDULRV 6FHQDULRV FDQ EH XVHG WR DVVHVV SRVVLEOH LPSDFWV RQ D V\VWHP E\
HQYLVLRQLQJYDULRXVLQWHUQDODQGH[WHUQDOLQIOXHQFHVWRWKHV\VWHP
+RZHYHU WRRXUFXUUHQWNQRZOHGJH WKHUHDUHIHZPHWKRGVWKDWDLPWRJLYHGHVLJQHUVPRUHLQVLJKW LQG\QDPLF
V\VWHPEHKDYLRUFRXSOHGWRNH\V\VWHPFKDUDFWHULVWLFV LQHDUO\IXQFWLRQDOGHVLJQZKHQPXOWLSOHV\VWHPSURSHUWLHV
DUHVWLOOXQNQRZQ7KHH[DPSOHJLYHQLQ6HFWLRQFRPHVWRPLQG+RZFDQDGHVLJQHUHIIHFWLYHO\JDLQLQVLJKWLQ
WKHGULYLQJEHKDYLRURIDFDULIWKHSURSXOVLRQPHWKRGLVQRW\HWNQRZQ",QRXUDSSURDFKZHFRPELQHDVSHFWVRIWKH
PHWKRGVPHQWLRQHGDERYHWRDGGUHVVWKLVLVVXH
Accommodate multidisciplinary views; LQ WKH HDUO\ VWDJHV RI FRPSOH[ V\VWHPV GHVLJQ PDQ\ VWDNHKROGHUV DUH
LQYROYHGLQWKHGHVLJQ0DLQO\E\JLYLQJLQSXWDQGSRVLQJUHTXLUHPHQWVIRUWKHGHVLJQEXWDOVRE\JLYLQJIHHGEDFN
RQ QHZ GHVLJQV 7KH $ $UFKLWHFWXUH 2YHUYLHZ PHWKRG KDV SURYHQ LWVHOI DV D JRRG PXOWLGLVFLSOLQDU\
FRPPXQLFDWLRQWRROE\FRPELQLQJYDULRXVYLHZVDQGXVLQJYLVXDODLGV2XUDSSURDFKWRUHVROYHWKLVPDLQFRQIOLFW
ZLOOWKXVEHWRXWLOL]HWKHDSSURDFKDQGSKLORVRSK\RIWKH$PHWKRG$OVRZHGUDZRQDQRWKHUDSSURDFKWKDWGHDOV
ZLWKWKLVFRQIOLFWE\TXDQWLI\LQJWKHLPSDFWRIGHVLJQFKRLFHVRQERWKFXVWRPHUYDOXHDQGRWKHUVWDNHKROGHUVYDOXH
+HUHLWLVREVHUYHGWKDWDPHUHWHFKQRORJLFDODVVHVVPHQWPD\RYHUORRNWKHPDLQFXVWRPHUQHHGV$FOHDURYHUYLHZ
RI WKHNH\GULYHUVRIDV\VWHPLV WKHUHIRUHQHFHVVDU\DV WKH\KHOSWRIRFXVWKHGHYHORSPHQW$UFKLWHFWXUHGULYHQ
TXDOLW\UHTXLUHPHQWVSULRULWL]DWLRQLVGHVFULEHGDVDWHFKQLTXHWRDXWRPDWLFDOO\DQDO\]HWUDGHRIIVEHWZHHQGLIIHUHQW
TXDOLW\UHTXLUHPHQWV
Support divergent design space exploration; WKH ILQDO FRQIOLFW WKDW ZH ZDQW WR DGGUHVV LQ RXU DSSURDFK LV WR
DFFRXQW IRUPRUH H[SORUDWLYH GHVLJQ VSDFH H[SORUDWLRQ VWUDWHJLHV+RZHYHU WKHUH LV ORJLFDOO\ OLPLWHG VXSSRUW LQ
GHWDLOHGPRGHOLQJWHFKQLTXHVWRGRVR,QRUGHUWRLQWHJUDWHWKLVLQWRRXUDSSURDFKZHKDYHWRFRQVLGHUDSSURDFKHV
WKDWDUHFXUUHQWO\XVHGLQHDUO\GHVLJQ$QH[DPSOHRIDPHWKRGWKDWVXSSRUWVWKLVNLQGRIGHVLJQVSDFHH[SORUDWLRQLV
)XQ.H\DUFKLWHFWLQJ,WDSSOLHV75,=DVDVWUXFWXUHGPHWKRGIRULQQRYDWLYHSUREOHPVROYLQJ$QLQWHJUDOSDUWRI
WKH)XQ.H\PHWKRGOLHVLQWKHIDFWWKDWLWOLQNVIXQFWLRQVWRNH\GULYHUVDQGGLVFRYHUVSRVVLEOHDUFKLWHFWXUHVWKURXJK
WKHLUUHODWLRQ7KHVHIXQFWLRQVFDQEHOLQNHGWRWKHDSSOLFDWLRQYLHZRIWKH<FKDUWPHWKRG
$QRWKHU SRVVLELOLW\ LV WR XVH NH\ GULYHU PDSV WR DQDO\]H D V\VWHP $ NH\ GULYHU PDS OLQNV NH\ GULYHUV WR
UHTXLUHPHQWV YLD VR FDOOHG DSSOLFDWLRQ GULYHUV VKRZLQJ GHVLJQ FKRLFHV )URP WKLV ZRUN DQG IURP RXU RZQ
H[SHULHQFHVZH REVHUYH WKDW WKHVH NH\ GULYHUPDSV JLYH LQVLJKW LQ GHVLJQ UHDVRQLQJ RI D V\VWHP ,W VKRZVZK\
UHTXLUHPHQWVH[LVWRUDUHFUHDWHGDOORZLQJGHVLJQHUVWRTXHVWLRQWKLVUHDVRQLQJDQGH[SORUHDOWHUQDWLYHV
,PSOHPHQWDWLRQ
7KLV VHFWLRQ IRFXVHV RQ WKH SUDFWLFDO DSSOLFDWLRQ RI RXU DSSURDFK +HUH ZH GHWDLO KRZ WKH V\VWHP PRGHO LV
UHSUHVHQWHG HVWDEOLVK D VWUXFWXUH WR LQWHUDFWZLWK ORZHU OHYHOPRGHOV DQG HODERUDWH RQ KRZ UHVXOWV DUH SUHVHQWHG
XVLQJDFDVHVWXG\DVDQH[DPSOH7KLVFDVHVWXG\FRQFHUQHGWKHDQDO\VLVRIDUHGHVLJQRIDPHGLFDOLPDJLQJV\VWHP
DLPLQJ WR UHGXFH ODWHQF\ 7KHPDLQ JRDOZDV WR HYDOXDWHZKHWKHU LW ZDV SRVVLEOH WR JDLQ UHDOLVWLF LQVLJKW LQ WKH
V\VWHPODWHQF\XVLQJDKLJKO\DEVWUDFWHGV\VWHPPRGHODQGDJHQHULFVLPXODWLRQPRGHO7KHIRFXVRQLPSOHPHQWLQJ
WKHIUDPHZRUNRIWKHDSSURDFKOHGWROHVVDWWHQWLRQRQWKHLGHQWLILHGFRQIOLFWV)RUFRQILGHQWLDOLW\SXUSRVHVZHKDYH
DEVWUDFWHGIURPVSHFLILFWHUPVDQGSDUDPHWHUVDQGGHVFULEHWKHFDVHXVLQJDJHQHULFLPDJLQJV\VWHP
3.1. Design Problem 
/DWHQF\ LVDNH\DVSHFW LQPHGLFDO LPDJLQJDQGUHIHUV WR WKHGHOD\EHWZHHQPDNLQJDQ LPDJHDQG WKH WLPH WKH
SK\VLFLDQ VHHV WKH LPDJH RQ VFUHHQ )RUPDQ\ LQWHUYHQWLRQDO SURFHGXUHV D ORZ ODWHQF\ aPV LV UHTXLUHG WR
IDFLOLWDWHSURSHUKDQGH\HFRRUGLQDWLRQIRUDSK\VLFLDQ,Q)LJXUHDWKHLPDJLQJFKDLQFDQEHVHHQLQWKHFXUUHQW
GHVLJQ:KLOH WKHFXUUHQWV\VWHPGHVLJQPHHWV WKH UHTXLUHPHQWVHVWLPDWLRQVEDVHGRQ WKHH[SHULHQFHRIDV\VWHP
DUFKLWHFWVKRZHGWKDWPRYLQJWKHLPDJHUHDOLJQPHQWIXQFWLRQDOLW\IURP3&WR3&FRXOGUHGXFHWKHWRWDOODWHQF\
DQGUHGXFHFRPSOH[LW\RIWKHV\VWHP7KHHVWLPDWLRQRIWKHV\VWHPDUFKLWHFWLVEDVHGRQDVXPPDWLRQRIHVWLPDWHG
ODWHQF\WLPHVRIFRPSRQHQWVLQWKHLPDJLQJFKDLQ+RZHYHULQVLJKWLQWKHHIIHFWVRIMLWWHUYDULDWLRQLQODWHQF\LQ
WKH QHZ GHVLJQ FRXOG QRW EH HVWDEOLVKHG LQ WKLVZD\ DQG D QHHG IRU G\QDPLF LQVLJKW DURVH 7KH FDVH VWXG\ WKXV
IRFXVHVRQSURYLGLQJLQVLJKWIRUWKHV\VWHPDUFKLWHFWLQWKHG\QDPLFODWHQF\EHKDYLRUIRUWKHWZRGLIIHUHQWFDVHV
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
)LJXUH$QQRWDWHGV\VWHPPRGHOVRIERWKGHVLJQV7KHGDUNHUDQGVPDOOHUER[HVVKRZWKHIXQFWLRQDOFRPSRQHQWVWKHODUJHUEDFNJURXQGER[HV
VKRZWKHSODWIRUPFRPSRQHQWV,IDIXQFWLRQDOFRPSRQHQWLVSODFHGLQDFHUWDLQSODWIRUPWKLVPHDQVWKDWLWLVPDSSHGWRWKDWSDUWLFXODUSODWIRUP
7KHQXPEHUVVKRZWDVNORDGDVRSHUDWLRQVSHUSL[HO$OOSODWIRUPFRPSRQHQWVKDYHDQRSHUDWLRQVSHHGRIDQGDUHQRWDQQRWDWHG
3.2. Identifying feasible solutions 
,QWKLVFDVHVWXG\WKHPDLQVROXWLRQVZHUHRXWOLQHGIURPWKHVWDUW7KHUHIRUHWKHPDLQHIIRUWLQWKLVSDUWRIWKH
FDVHVWXG\ZDVSXWLQWRTXDQWLI\LQJWKHVROXWLRQVSURSHUO\7KHTXDQWLILFDWLRQRIFRPSRQHQWVFRQVLVWVRIWZRVWHSV
7KHILUVWVWHSLVWRGHILQHWKHXQLWVWKHVHFRQGVWHSLVWRTXDQWLI\WKHP,Q)LJXUHERWKWKHGHVLJQVDQGWKHUHVXOWRI
WKLVTXDQWLILFDWLRQFDQEHVHHQ7KURXJKWKH<FKDUWSDUDGLJPZHGHILQHGWKHWDVNORDGRIDIXQFWLRQDOFRPSRQHQW
DVRSHUDWLRQVSHUSL[HODQGWKHRSHUDWLRQVSHHGIRUKDUGZDUHFRPSRQHQWVDVRSHUDWLRQVSHUPLOOLVHFRQG7KHUHIRUH
WKHGLYLVLRQRIWDVNORDGE\WKHRSHUDWLRQVSHHGJLYHVWKHODWHQF\RIDFRPSRQHQWLQPLOOLVHFRQGV
7KHTXDQWLILFDWLRQRIFRPSRQHQWVFDQEHGRQHXVLQJHVWLPDWLRQV ,QRXUFDVHGHWDLOHG ODWHQF\ LQIRUPDWLRQZDV
DYDLODEOHIRUVHYHUDOFRPSRQHQWVLQWKHFXUUHQWGHVLJQVLWXDWLRQ+RZHYHUDVLWZDVQRWSRVVLEOHWRGHFRPSRVHWKLV
LQIRUPDWLRQLQWRWDVNORDGVDQGRSHUDWLRQVSHHGVZHTXDQWLILHGWKHRSHUDWLRQVSHHGVRIDOOSODWIRUPFRPSRQHQWVDV
DQGWKXVDVVLJQHGWKHYDOXHRIWKHODWHQF\IXOO\WRWKHIXQFWLRQDOFRPSRQHQW:HDUHDZDUHWKDWWKLVLVDIDLUO\FRXUVH
JUDLQHG DSSUR[LPDWLRQ DV ZH LPSOLFLWO\ DVVXPH SURFHVVLQJ FDSDELOLWLHV RI DOO KDUGZDUH WR EH HTXDO 7KLV
DSSUR[LPDWLRQLVPDLQO\GXHWRWKHDEVWUDFWQDWXUHRIWKHPRGHOFRQWHQWDQGQRWGXHWROLPLWDWLRQVRIWKHPRGHOLWVHOI
3.3. Establishing models 
,QRUGHUWRSURYLGHPRUHLQVLJKWLQWKHLQIOXHQFHRIMLWWHURQWKHV\VWHPODWHQF\WKHULJKWPRGHORUGHUQHHGHGWREH
LGHQWLILHGERWKIRUWKHKLJKOHYHOV\VWHPPRGHODQGWKHVLPXODWLRQPRGHO$NH\JXLGHOLQHKHUHLVWRNHHSWKHPRGHO
DV VLPSOH DV SRVVLEOH E\ RQO\ LQFOXGLQJ ZKDW LV QHFHVVDU\ 7KLV UHVXOWHG LQ DQ LWHUDWLYH SURFHVV RI UHILQLQJ WKH
PRGHOVXQWLOWKH\ZHUHGHHPHGWRSURYLGHHQRXJKLQVLJKWLQWKHGHVLJQSUREOHP

)LJXUH2YHUYLHZRIWRROVXSSRUWIRUWKHFDVHVWXG\
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7KH KLJK OHYHO V\VWHPPRGHO FRQVWLWXWHV RI D OLVW RI IXQFWLRQDO DQG SODWIRUP FRPSRQHQWV DQG WKHLU PDSSLQJ
6HYHUDOGHWDLOVDOORZWKHV\VWHPGHILQLWLRQ WREHYDOLGDWHG)RU LQVWDQFHIXQFWLRQV LQ WKHKLJK OHYHOV\VWHPPRGHO
KDYH EHHQ GHWDLOHGZLWK DQ LQSXW DQG RXWSXW W\SH HLWKHU D IXOO LPDJH RU RQO\ D SDUW RI WKH LPDJH7KLVZD\ WKH
V\VWHPFDQGHWHFWZKHWKHUWKHLQSXWW\SHRIDVXEVHTXHQWIXQFWLRQGLIIHUVIURPWKHRXWSXWW\SHRIWKHSUHYLRXVRQH
$OVRIRU WKHVLPXODWLRQPRGHOVYDULRXVFRQVLGHUDWLRQVZHUHPDGH LQGHVLJQLQJ WKHPRGHO3KHQRPHQDVXFKDV
SDUDOOHOLVPRUVFKHGXOLQJZHUHQRWLQFOXGHGEHFDXVHWKHDFWXDOV\VWHPLQRXUFDVHLVFRQILJXUHGWRKDQGOHRQO\RQH
LPDJHDWWKHVDPHWLPHLQHDFKKDUGZDUHFRPSRQHQW7KLVPRGHOZDVGHYHORSHGXVLQJWKH3226/ODQJXDJHDQG
VHWXSDVDJHQHULFPRGHOWRVLPXODWHWKURXJKSXWXVLQJWKH<FKDUWSDUDGLJP
3.4. Tool support 
%RWKRIWKHPRGHOVZHUHLPSOHPHQWHGLQDWRROVHHDOVR)LJXUHWRVXSSRUWWKHV\VWHPDUFKLWHFWLQWKHH[HFXWLRQ
RI WKHDSSURDFKDQG WRHQDEOHDXWRPDWHGVLPXODWLRQV7KHPDLQSDUWRI WKH WRRO LPSOHPHQWHG LQ9LVXDO%DVLF IRU
$SSOLFDWLRQV LQ ([FHO LQFOXGHV D V\VWHP FRQILJXUDWRU DQG D UHVXOWV YLHZHU )URP D VLQJOH RYHUYLHZ D XVHU FDQ
FRQILJXUH QHZ V\VWHPV HGLW H[LVWLQJ V\VWHPV VLPXODWH D V\VWHP RU YLHZ UHVXOWV IURP D SUHYLRXV VLPXODWLRQ UXQ
9DULRXVVLPXODWLRQSDUDPHWHUVFDQEHVHWXSVXFKDVWKHQXPEHURIXQLWVWRUXQWKHVLPXODWLRQIRUDQGKRZPDQ\
UXQVRIWKHVDPHV\VWHPVKRXOGEHH[HFXWHG7KHWRROFDQDOVRSHUIRUPDQDO\VHVXVLQJHLWKHU([FHO¶VEXLOWLQIHDWXUHV
RUZLWKVHYHUDOFXVWRPDOJRULWKPV
3.5. Results 
$VWKHPRGHOLQJSURFHVVZDVLWHUDWLYHWKHPRGHOLQJUHVXOWVZHUHFRPSDUHGZLWKV\VWHPDUFKLWHFWH[SHULHQFHVDQG
H[SHFWDWLRQVRIWHQ(DFKWLPHERWKWKHROGV\VWHPDQGWKHSURSRVHGV\VWHPZHUHVLPXODWHGZLWKPXOWLSOHVLPXODWLRQ
UXQV$QRYHUYLHZRIVRPHRIWKHVHUHVXOWVLVVKRZQLQ)LJXUH7KHJUDSKVVKRZLPDJHODWHQF\GLIIHUHQWLDWHGSHU
FRPSRQHQW 2WKHU UHVXOWV ZHUH IRU H[DPSOH ODWHQF\ DQG MLWWHU VWDWLVWLFV ,QLWLDOO\ HVSHFLDOO\ IURP DQ RXWVLGHU¶V
SHUVSHFWLYHRQHZRXOGH[SHFWWKHODWHQF\WRYDU\+RZHYHUZKHQWKHPRGHOZDVGHWDLOHGZLWKWKHGLVSOD\EHKDYLRU
WKH UHVXOWV VKRZHG D YLUWXDOO\ FRQVWDQW ODWHQF\ DV FDQEH VHHQ LQ)LJXUH D7KLV LV FDXVHGE\ WKH IDFW WKDW WKH
YDULDWLRQ LQ ODWHQF\ LV µVPRRWKHG¶E\ WKH WLPH WKDWDQ LPDJHKDV WRZDLWEHIRUH WKHGLVSOD\ LV UHDG\ WRVKRZLW ,Q
WKHVHVLPXODWLRQ UXQVRQO\DKDQGIXORI LPDJHVKDGDGLIIHUHQW ODWHQF\ZKLFKZDVH[DFWO\RQHVFUHHQUHIUHVKUDWH
KLJKHURUORZHU)XUWKHUDQDO\VLVVKRZHGWKDWWKHODWHQF\YDULHVEHWZHHQVLPXODWLRQUXQVGHSHQGLQJRQWKHGLIIHUHQFH
EHWZHHQWKHVWDUWWLPHVRIWKHJHQHUDWRUDQGWKHGLVSOD\,Q)LJXUHEWKHVDPHPRGHODVLQDZDVXVHGWRDQDO\]H
ZKDWZRXOGKDSSHQLIWKHYDULDWLRQLQODWHQF\SHUFRPSRQHQWLQFUHDVHG7KLVFDQIRUH[DPSOHKDSSHQLILQWKHIXWXUH
IXQFWLRQDOLWLHVEHFRPHPRUHFRPSOH[DQGXQSUHGLFWDEOHRULQWKHFDVHRIUHVRXUFHVKDULQJ7KHUHVXOWVVKRZDFORVH
XSRIDVLPXODWLRQUXQDQGUHSUHVHQWWKHRYHUDOOUHVXOWVZHOO7KHVHUHVXOWVVKRZWKDWWKHQHZGHVLJQLVPRUHVWDEOH
ZKHQH[SRVHGWRDKLJKHUYDULDQFHLQFRPSRQHQWSHUIRUPDQFH
)LJXUH*UDSKVVKRZLQJWRWDOODWHQF\WLPHVLQPVFRPSRVHGRIODWHQF\WLPHVIRUVLQJOHFRPSRQHQWV\D[LVIRUVLQJOHLPDJHV[D[LV
D6LPXODWLRQUXQRIQHZGHVLJQZLWKYDULDWLRQLQODWHQF\SHUFRPSRQHQW
E6LPXODWLRQUXQVZLWKYDULDWLRQLQODWHQF\SHUFRPSRQHQW]RRPHGLQIURPLPDJHWR
F6LPXODWLRQUXQVRIQHZGHVLJQZLWKYDU\LQJLQSXWUDWHVRIWKHJHQHUDWRUDQGUHIUHVKUDWHVRIWKHGLVSOD\
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1HYHUWKHOHVV WKHUHVXOWV LQ)LJXUHDDQGEGLGQRWPDWFKZLWKWKHH[SHFWDWLRQVRIWKHV\VWHPHQJLQHHUVDV
DFWXDO WHVW UHVXOWVDOZD\VVKRZHGDVDZWRRWK OLNHEHKDYLRU:HFRQFOXGHG WKDW WKHIDFW WKDW LQSXWDQGRXWSXWZDV
DVVXPHGWREHH[DFWO\ISVDQG+]UHVSHFWLYHO\FRXOGEHWKHFDXVHRIWKLV7KHUHIRUHWKHKLJKOHYHOV\VWHPPRGHO
ZDV XSGDWHG WR EH DEOH WR FKDQJH WKH LQSXW DQG RXWSXW UDWH VOLJKWO\ $Q H[SHULPHQWDWLRQ ZLWK WKHVH SDUDPHWHUV
UHVXOWHGLQYDULRXVVDZWRRWKOLNHEHKDYLRUVDVFDQEHVHHQLQ)LJXUHF7KHH[DFWYDULDQFHDQGGHYLDWLRQRILQSXW
DQGRXWSXWFXUUHQWO\UHPDLQVDWRSLFRIIXUWKHUUHVHDUFK
&RQFOXGLQJWKHUHVXOWVVKRZWKDWWKHQHZGHVLJQGRHVUHGXFHODWHQF\DQGHVSHFLDOO\SHUIRUPVPRUHVWDEOHLIWKH
YDULDWLRQLVLQFUHDVHG7KLVPHDQVWKDWWKHQHZGHVLJQLVPRUHIXWXUHSURRILQWKLVDVSHFW7KHVHLQVLJKWVLQFUHDVHWKH
FRQILGHQFHRIWKHV\VWHPDUFKLWHFWLQWKHQHZGHVLJQ
'LVFXVVLRQ
,QWKHSUHYLRXVVHFWLRQVZHKDYHRXWOLQHGRXUDSSURDFKDQGLPSOHPHQWHGSDUWRIWKHDSSURDFKLQDWRROZKLFK
ZDV XWLOL]HG LQ D FDVH VWXG\ ,Q WKLV VHFWLRQZHZLOO GLVFXVV WKH SDUW RI WKH DSSURDFK WKDW FDQ EH HYDOXDWHG DQG
H[WUDSRODWHWKLVHYDOXDWLRQWRWKHFRPSOHWHDSSURDFK
4.1. Experiences with implementation and case study 
7KHPDLQJRDORIFUHDWLQJ WKH LPSOHPHQWDWLRQDQGSHUIRUPLQJ WKHFDVHVWXG\ZDV WRILQGRXWZKHWKHUG\QDPLF
LQVLJKWLQDV\VWHPFDQEHREWDLQHGXVLQJDKLJKO\DEVWUDFWHGV\VWHPPRGHOLQFRQMXQFWLRQZLWKDJHQHULFVLPXODWLRQ
PRGHO8VLQJDKLJKO\DEVWUDFWHGLPDJLQJFKDLQPRGHODQGDJHQHULFVLPXODWLRQPRGHOIRUWKURXJKSXWZHZHUHDEOH
WRPRGHOUHDOLVWLFODWHQF\EHKDYLRUDQGSURYLGHUHOHYDQWLQVLJKWV+RZHYHUDORWRIGHWDLOVZHUHQHFHVVDU\WRGHILQH
WKHPRGHOVDQGWKHLUEHKDYLRU$ORWRIWKLVNQRZOHGJHZDVQRWGRFXPHQWHGH[SOLFLWO\DVWKLVLQIRUPDWLRQLVVWRUHG
³XQGHUWKHKRRG´LQWKHV\VWHPPRGHODQGWKHVLPXODWLRQPRGHO0RUHWUDQVSDUHQF\DQGFRQWUROLQWKLVUHJDUGDUH
SUREDEO\QHFHVVDU\HVSHFLDOO\LQODUJHURUPRUHGLVWULEXWHGGHVLJQWHDPV
7KHFXUUHQWFDVHVWXG\IRFXVHGPDLQO\RQHQDEOLQJWKHDSSURDFKE\FUHDWLQJWKHXQGHUO\LQJIUDPHZRUN'XHWR
WKHVLPSOLFLW\RIWKHFDVHVWXG\WKHFRQIOLFWVRXWOLQHGLQ6HFWLRQUHFHLYHGOHVVDWWHQWLRQWKDQRULJLQDOO\LQWHQGHG
+RZHYHUZHIHHOWKDWWKLVZRUNLVDJRRGIRXQGDWLRQWRIXUWKHUGHYHORSWKHIXOODSSURDFK$FRQIOLFWWKDWGLGUHWXUQ
LQWKLVFDVHVWXG\ZDVGHDOLQJZLWKXQFHUWDLQW\:KLOHGDWDFRXOGEHUHWULHYHGWRPRGHOWKHFXUUHQWV\VWHPDPRQJVW
RWKHUVWKHVSHFLILFUDWLREHWZHHQWDVNORDGDQGRSHUDWLRQVSHHGFRXOGQRWEHUHWULHYHG7KHUHIRUHUDQJHGSDUDPHWHUV
IX]]\ PDWK ZHUH LQWURGXFHG 7KHVH SDUDPHWHUV FDXVHG D YDULDWLRQ LQ ODWHQF\ WKDW GLG QRW PDWFK ZLWK WKH
H[SHFWDWLRQVRIDUFKLWHFWVDVWKHODWHQF\SHUFRPSRQHQWLVYHU\VWDEOH7KLVPLVPDWFKSURPSWHGDPRGHOLQJGHFLVLRQ
DV WKHSDUDPHWHURI D IXQFWLRQDO FRPSRQHQW FDQHLWKHUEHYDULHGRU IL[HGGXULQJD VLPXODWLRQ UXQ7KH ODWWHU WKHQ
UHTXLUHVPXOWLSOHVLPXODWLRQUXQVGXULQJZKLFKSDUDPHWHUVDUHYDULHG:HFKRVHWRH[SORUHWKHV\VWHPZKLOHYDU\LQJ
WKHSDUDPHWHULQDVLQJOHUXQDQGLQYHVWLJDWHGVSHFLILFFDVHVIURPWKRVHVLPXODWLRQUXQVZLWKIL[HGSDUDPHWHUV
4.2. Reflection on the approach 
,QRXUYLHZWKHDSSURDFKKDVVHYHUDONH\DVSHFWVWKDWGHWHUPLQHZKHWKHURUQRWLWZLOOEHVXFFHVVIXO2QHRIWKH
PRVW LPSRUWDQW RI WKRVH DVSHFWV LV WKH IDFWZKHWKHU DQ RSWLPDO GHWDLOHG VLPXODWLRQPRGHO FDQEH HVWDEOLVKHG$Q
RSWLPDOPRGHOJLYHVMXVWHQRXJKLQVLJKWIRUWKHGHVLJQSUREOHPDWKDQGDQGLVUHDOLVWLF'HWHUPLQLQJZKHQDQGLID
PRGHOLVRSWLPDOLVWKHPDLQLVVXHLQWKLVDVSHFW7KLVFDVHVWXG\VKRZHGWKDWWKHVHPRGHOVDFWXDOO\UHTXLUHDORWRI
GRPDLQ VSHFLILF EHKDYLRUDO LQIRUPDWLRQ ,W DOVR VKRZHG WKDW D V\VWHP DUFKLWHFW WKURXJK H[SHULHQFH GHWHUPLQHV
ZKHWKHUDPRGHO LVRSWLPDORUQRW ,QRXUFDVH VWXG\ WKLV LV UHIOHFWHGE\ WKH IDFW WKDW WKH VLPXODWLRQ UHVXOWVZHUH
YDOLGDWHGWRVHHZKHWKHUWKHEHKDYLRUZDVUHDOLVWLFHQRXJK
$QLVVXHWKDWLVUHODWHGWRWKLVLVWKHIDFWWKDWPDNLQJWKHPRGHODFWXDOO\KHOSVWKHV\VWHPDUFKLWHFWWRXQGHUVWDQG
WKHGHVLJQSUREOHPDWKDQG7KLVFRXOGPHDQWKDWRQFHWKHPRGHOLVHVWDEOLVKHGWKHV\VWHPHQJLQHHUGRHVQRWQHHG
WR IRU H[DPSOH UXQ VLPXODWLRQV WR JDLQ WKH LQVLJKW EXW WKDW WKH LQVLJKW LV DOUHDG\ JDLQHG WKURXJK WKH PRGHOLQJ
SURFHVV%DVHGRQWKHVLQJOHFDVHVWXG\WKDWZHKDYHSHUIRUPHGZLWKWKLVDSSURDFKWKLVLQGHHGVHHPVWREHWKHFDVH
+RZHYHUZHIHHO WKDW WKHRXWSXWRI WKHVLPXODWLRQVFDQJUHDWO\KHOSPXOWLGLVFLSOLQDU\FRPPXQLFDWLRQDV WKH\DUH
DEOHWRPDNHWKHLQVLJKWWKDWWKHV\VWHPDUFKLWHFWJDLQHGH[SOLFLW
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4.3. Future Work 
$VWKHGHVFULEHGDSSURDFKLVTXLWHH[WHQVLYHLWVHYDOXDWLRQFDQQRWEHGRQHZLWKLQDVLQJOHFDVHVWXG\7KHUHIRUH
IXWXUHDFWLYLWLHVVWLOOKDYHWREHSXUVXHGLQYDULRXVGLUHFWLRQV)LUVWRIDOOFDVHVWXGLHVZLOOEHH[HFXWHGWKDWIRFXVRQ
VSHFLILFFRQIOLFWVHVSHFLDOO\WKHFRQIOLFWVWKDWZHUHQRWUHSUHVHQWHGLQWKLVFDVHVWXG\)XUWKHUPRUHIXWXUHZRUNZLOO
DLPWRZDUGVDJRRGVWUDWHJ\WRGHWHUPLQHZKHQDQGLIPRGHOVDUHRSWLPDO7RWKLVHQGZHSURSRVHWRXVHVFHQDULR¶V
WKDWKHOSWRGHILQHWKHGHVLJQSUREOHPEXWDOVRH[SORUHZKHWKHUDPRGHOVWLOOKROGVLQGLIIHUHQWFRQWH[WV$OVRZHDUH
DZDUHWKDWWKHFXUUHQWFDVHVWXG\ZDVDUHGHVLJQRQDPDWXUHDUFKLWHFWXUH,QIXWXUHZRUNZHZRXOGOLNHWRFRQVLGHU
QHZGHVLJQVDQGPRUHQRYHODUFKLWHFWXUHVDVZHOO)LQDOO\LQWKHFDVHVWXG\ZHH[SHULHQFHGWKHORJLFDOFRQVHTXHQFH
WKDWDJHQHULFPRGHOUHGXFHVWKHDFFXUDF\EXWLVPRUHJHQHUDOO\DSSOLFDEOHDQGYLFHYHUVDIRUPRUHGRPDLQVSHFLILF
PRGHOV 7KLV EHJV WKH TXHVWLRQ ZKHWKHU WKH PRGHOV DUH UHXVDEOH IRU VLPLODU GHVLJQ SUREOHPV LQ WKH VDPH ILHOG
PHGLFDOLPDJLQJV\VWHPVRUIRUWKHVDPHDSSOLFDWLRQLQRWKHULQGXVWULHVEHLQJJHQHULFWKURXJKSXWGHVLJQSUREOHPV
$FNQRZOHGJHPHQWV
7KLVSXEOLFDWLRQZDVVXSSRUWHGE\WKH'XWFKQDWLRQDOSURJUDP&200,7DVSDUWRIWKH$OOHJLR3URMHFW7RWKH
(PEHGGHG6\VWHPV,QQRYDWLRQE\712DVOHDGSDUWQHUDQGWRRWKHUSDUWQHUVZHZRXOGOLNHWRH[SUHVVRXUWKDQNV
IRUWKHLUVXSSRUWLQPDNLQJWKLVUHVHDUFKSRVVLEOH)LQDOO\ZHDUHJUDWHIXOIRUWKHUHYLHZFRPPHQWVZHUHFHLYHG
5HIHUHQFHV
63+DYHPDQDQG*0%RQQHPD³5HTXLUHPHQWVIRUKLJKOHYHOPRGHOVVXSSRUWLQJGHVLJQVSDFHH[SORUDWLRQLQPRGHOEDVHGV\VWHPV
HQJLQHHULQJ´LQ&RQIHUHQFHRQ6\VWHPV(QJLQHHULQJ5HVHDUFK&6(5$WODQWD86$SS
%.LHQKXLV('HSUHWWHUH.9LVVHUVDQG3YG:ROI³$QDSSURDFKIRUTXDQWLWDWLYHDQDO\VLVRIDSSOLFDWLRQVSHFLFGDWDIORZDUFKLWHFWXUHV´
$SSOLFDWLRQ6SHFLF6\VWHPV$UFKLWHFWXUHVDQG3URFHVVRUV$6$3-XO\
3'%RUFKHV³$$UFKLWHFWXUHRYHUYLHZV´'RFWRUDO7KHVLV'HSDUWPHQWRI(QJLQHHULQJ7HFKQRORJ\&7:8QLYHUVLW\RI7ZHQWH
(QVFKHGH7KH1HWKHUODQGV
%:LXOVU¡G*0XOOHUDQG03HQQRWWL³$UFKLWHFWLQJ'LHVHO(QJLQH&RQWURO6\VWHPXVLQJ$$UFKLWHFWXUH2YHUYLHZ´LQ,1&26(
5RPH
*0%RQQHPD³7KLQNLQJ7UDFNVIRU,QWHJUDWHG6\VWHPV'HVLJQ´LQVW-RLQW,QWHUQDWLRQDO6\PSRVLXPRQ6\VWHP,QWHJUDWHG,QWHOOLJHQFH
1HZ&KDOOHQJHVIRU3URGXFWDQG3URGXFWLRQ(QJLQHHULQJ+DQQRYHU*HUPDQ\
0*ULHV0HWKRGVIRU(YDOXDWLQJDQG&RYHULQJWKH'HVLJQ6SDFH'XULQJ(DUO\'HVLJQ'HYHORSPHQW8&%(5/0((&6'HSDUWPHQW
8QLYHUVLW\RI&DOLIRUQLD%HUNHOH\
)%DODULQ<:DWDQDEH++VLHK//DYDJQR&3DVHURQHDQG$6DQJLRYDQQL9LQFHQWHOOL³0HWURSROLVDQLQWHJUDWHGHOHFWURQLFV\VWHP
GHVLJQHQYLURQPHQW´,(((&RPSXWHUYROQRSS
2G:HFN&(FNHUWDQG-&ODUNVRQ³$FODVVLILFDWLRQRIXQFHUWDLQW\IRUHDUO\SURGXFWDQGV\VWHPGHVLJQ´LQ,&('
,QWHUQDWLRQDO
&RQIHUHQFH2Q(QJLQHHULQJ'HVLJQ3DULV)UDQFH
1(VIDKDQL.5D]DYLDQG60DOHN³'HDOLQJZLWKXQFHUWDLQW\LQHDUO\VRIWZDUHDUFKLWHFWXUH´LQ3URFHHGLQJVRIWKH$&06,*62)7WK
,QWHUQDWLRQDO6\PSRVLXPRQWKH)RXQGDWLRQVRI6RIWZDUH(QJLQHHULQJ&DU\1RUWK&DUROLQDSS
-1RSSHQ3YG%URHNDQG0$NLW³6RIWZDUHGHYHORSPHQWZLWKLPSHUIHFWLQIRUPDWLRQ´6RIW&RPSXWYROQRSS
07,RQLWD³6FHQDULR%DVHG6\VWHP$UFKLWHFWLQJ´'RFWRUDO7KHVLV'HSDUWPHQWRI0DWKHPDWLFVDQG&RPSXWHU6FLHQFH7HFKQLFDO
8QLYHUVLW\RI(LQGKRYHQ(LQGKRYHQ7KH1HWKHUODQGV
$,YDQRYLFDQG3$PHULFD³&XVWRPHUYDOXHLQDUFKLWHFWXUHGHFLVLRQPDNLQJ´LQ3URFHHGLQJVRIWKHWK(XURSHDQFRQIHUHQFHRQ6RIWZDUH
DUFKLWHFWXUH&RSHQKDJHQ'HQPDUNSS
*0XOOHU³&$)&5$0XOWLYLHZ0HWKRGIRU(PEHGGHG6\VWHPV$UFKLWHFWLQJ%DODQFLQJ*HQHULFLW\DQG6SHFLILFLW\´7HFKQLFDO
8QLYHUVLW\RI'HOIW'HOIW
$.R]LROHN³$UFKLWHFWXUHGULYHQTXDOLW\UHTXLUHPHQWVSULRULWL]DWLRQ´LQ)LUVW,(((,QWHUQDWLRQDO:RUNVKRSRQWKH7ZLQ3HDNVRI
5HTXLUHPHQWVDQG$UFKLWHFWXUH7ZLQ3HDNV&KLFDJR,/SS
*0%RQQHPD³)XQNH\DUFKLWHFWLQJDQLQWHJUDWHGDSSURDFKWRV\VWHPDUFKLWHFWLQJXVLQJIXQFWLRQVNH\GULYHUVDQGV\VWHPEXGJHWV´
'RFWRUDO7KHVLV8QLYHUVLW\2I7ZHQWH(QVFKHGH
*6$OWVKXOOHU3ULQFLSOHV75,=.H\VWR7HFKQLFDO,QQRYDWLRQ7HFKQLFDO,QQRYDWLRQ&HQWHU:RUFHVWHU0$
:30++HHPHOV/-6RPHUV3YDQGHQ%RVFK=<XDQ%YDQGHU:LMVW$YDQGHQ%UDQGHWDO³7KH8VHRIWKH.H\'ULYHU
7HFKQLTXHLQWKH'HVLJQRI&RSLHUV´LQ,&66($3DULV
%'7KHHOHQ2)ORUHVFX0&:*HLOHQ-+XDQJ3+$YDQGHU3XWWHQDQG-309RHWHQ6RIWZDUH+DUGZDUH(QJLQHHULQJZLWK
WKH3DUDOOHO2EMHFW2ULHQWHG6SHFLILFDWLRQ/DQJXDJHSS
